The aim of this paper is to contribute to the debate on population aging and growth in health expenditures, by providing estimates on how mortality related expenditures are influenced by age. Using a register of inpatient hospital admissions to create gender-cohort specific panels for each of the 430 Norwegian municipalities, we are able to identify mortality related hospital expenditures by separating the impact of mortality on current hospital expenditures from the impact of patients' age and gender. We apply model estimates to quantify the mortality-related hospital expenditures for twenty age groups. Our results, which rely on the assumption that mortalities are exogenous in the empirical specification, suggest that mortality-related hospital expenditures are a decreasing function of age. Furthermore, the results imply that, both age and mortalities should be included when predicting future health care expenditures. The estimation results suggest that 9.0 % of all hospital expenditures are associated with treating individuals in their last year of life. Our results also suggest that the reduction in mortality rates in the period from 1998 to 2009 have, cet. par. contributed to an estimated reduction in total hospital expenditures of 0.6 billion NOK, a difference corresponding to 2 % of the expenditures in 2009. JEL codes: I11, I12, I19, H51
Introduction and background
In early applications, a population's health care expenditures were commonly modeled as a function of basic demographic characteristics, such as age and gender. This approach applies the well-known fact that different age and gender groups have different health care needs. Using estimates of each group's per capita expenditures, so-called naïve predictions of the population's future health care expenditures can be computed based on future demographic characteristics.
This naïve approach was challenged by researchers who suggested that the expenditures are related to mortalities. In the seminal article by Zweifel et al. (1999) the authors hypothesized that time to death is more important than age in predicting future health care expenditure, and this hypothesis is frequently referred to as the Red Herring Hypothesis. Applying data on health care expenditures for inhabitants above 65 years of age in Switzerland, they found evidence supporting the Red Herring Hypothesis.
More than 30 papers (see among others Salas and Raftery (2001) , Zweifel et al. (2001) and Felder et al. (2010) ) have been published in the Red Herring debate and there appears to be strong evidence suggesting that both age and time to death are factors influencing health expenditures, even though the relative importance of age and time to death is strongly debated. In Colombier and Weber (2011) it is stated that "time to death is of marginal importance", while other studies, Werblow et al. (2007) and Zweifel et al. (2004) , claim the opposite; age is of marginal importance. An aspect that has received less attention in the literature is that the costs that are incurred as a result of proximity to death may depend on the age of the individual. In a study of hospital expenditures for elderly decedents in the United States, Levinsky et al. (2001) found that expenditures decreased in age for elderly decedents, and similar findings were also reported by Häkkinen et al. (2008) and Melberg et al. (2013) . If expenditures associated with the last year of life are substantially influenced by age, this implies that increasing longevity and postponing death until a higher and less costly age, will contribute to slower growth in health expenditures. 1 The aim of this paper is twofold. Firstly, we aim to quantify the impact of age on mortality related expenditures. Secondly, we aim to assess the influence of changing longevity on hospital expenditures that occur as death is postponed to higher ages where mortality related expenditures are lower.
By estimating the relationship between mortality related expenditures and age, we also contribute to the Red Herring debate. If there are large variations in the mortality related expenditures by age, including only time to death and not the interaction between age and mortalities, will yield upwardly biased results when predicting future health care expenditures.
There are several studies (see among others Häkkinen et al. (2008) , Emanuel (1996) and Lubitz and Riley (1993) ) that present the relationship between age and mortality related expenditures, but the studies only include the elderly part of the population. This paper includes all ages. This is important as the mortality related expenditures among younger individuals also contribute to the total health care expenditures.
Here, we apply data from the Norwegian Patient Registry (NPR) merged with demographic data from Statistics Norway (SSB). An advantage of this study, compared to previous studies is that there is no self-selection into our data. This makes the study unique. The data set follows Norway's population (5 million inhabitants) over a 12 year period from 1998-2009, and we are thus able to assess how the change in longevity over the 12-year period has influenced the expenditures.
The paper proceeds as follows: The study setting is described in the next section (Section 2). In Section 3 we describe the data. Our empirical specification and estimation results are presented in Section 4. Finally, in Section 5 we conclude and discuss the findings.
Study setting
The current organization of the health care system in Norway has many similarities to those in other Nordic countries and the United Kingdom (UK); hospital services are mainly provided by public health institutions, which are financed through general taxation. In Norway, hospitals are governed from the central government by the Ministry of Health, while the general practitioners (GP) and dentists practice privately and contract with the local level of government (municipality and county). At present, the hospital sector in Norway is divided into four Regional Health Enterprises (RHEs) which correspond to geographical areas. Each region receives funding based on per capita funding (60%) and activity based financing (ABF) (40%). ABF is based on the diagnosis related groups (DRG) system (Kalseth et al., 2010) . ABF was introduced in June 1997. Note also that the share paid by per capita funding has varied from 1997 until today (Carlsen, 2008) .
There is no out of pocket payment for public in-patient hospital services in Norway.
2 The GPs act as gatekeepers for hospitals with an exception of emergency cases, where the ambulance staff or other medical personnel may assign patients directly to the hospital (Johnsen and Bankauskaite, 2006) . Patients may choose which hospital he/she would like to be treated at for elective care.
Data

3.1
Structure of the data Two data sources are used in this study: Cost information for hospital admissions are extracted from the NPR and demographic data from SSB. The data from NPR provide a registry of all in-patient hospital admissions in Norway from January 1998 to December 2009. Registration in NPR is compulsory for all hospitals and each admission to the hospital is registered as one observation. It is not possible to track individuals across different hospitals, or different years. A total of 14.5 million admissions were recorded in the given time period, and the included patients are residents of all 430 different municipalities in Norway.
We apply five variables from the database; year of birth, gender, year of hospital stay and the number of DRG-points. Since we cannot identify individuals, we cannot link individual mortalities to hospital stays. We therefore aggregate the data to the smallest possible group where observed mortalities can be linked to observed hospital expenditures, and that is to groups formed by age-gender-specific groups in each Norwegian municipality. From SSB we received, for each year, data on the number of individuals belonging to each of these groups as well as the number of mortalities. Aggregation was performed by grouping the data, and each group was uniquely characterized by a realization of the set of categorical variables age (A i ), gender (G i ), year (T i ) and municipality catchment area (R i 
We index the groups by g and we let N g denote the number of individuals belonging to group g. By computing the total cost of hospital services within the group and dividing by the number of persons in each group, we get a per capita measure of hospital expenditures for each group. If we denote the expenditures associated with individual hospital admissions by Y i , an expression for the per capita expenditures in group g, denoted by is given by:
Descriptive statistics We now provide an overview of the data. Throughout the rest of this paper we measure the expenditures in Norwegian Kroner (NOK) inflation adjusted to 2010 NOK. 3, 4 In Table  1 we present the development of demographic characteristics in the period. We observe that although both the general population and the number of elderly older than 64 has increased during this period, the total number of mortalities has been reduced. We also see that the share of the population above 64 years of age has stayed stable at around 16 %. In Table 2 we describe the characteristics of the group structure in the data. The average group includes 56 individuals. We observe that there is large variation in group size. The smallest group includes only one individual, whereas the largest group includes 6699 individuals. We also characterize the group level per capita expenditures and the group level mortality rate. We observe that the group level per capita expenditures range from zero to more than one million NOK whereas the group level mortality rate ranges from zero to one. Furthermore, figure 1 describes per capita hospital expenditures for males and females. The expenditures are high for newborns and people above 60 years of age. The expenditures for women are clearly higher than males in the childbearing years (i.e. between the age of early twenties and late thirties), while males have higher expenditures for the ages above 50. 
Estimation and results
Our aim is to quantify the mortality related expenditures in a situation where mortalities are only observable at a group level. We aggregate our data to obtain data in a format including observable variables at group level which still enables us to identify the effect of mortalities on hospital expenditures at the individual level. To do this, we let Y i refer to individual i's total hospital expenditures in a given year. We assume a linear regression function, relating these expenditures to observable characteristics:
iid where γ 1 and γ 2 are a vectors of unknown parameters to be estimated and γ 0 is an unknown scalar parameter to be estimated. The matrix X i is a matrix of dummy variables capturing the effect of age and gender, including interaction terms. We distinguish between 20 different age groups in our regression model, infants and children aged 1-4, and we also categorize age in 5 year intervals until age 85-90. Individuals older than 90 are grouped together. The variable D i is an indicator variable equal to one if the individual i died within the year. This variable is not observable due to the fact that we may not link current or future mortalities with hospital admissions; hence, estimating 1) is not feasible. However, the number of mortalities within each group each year, ∈ , is observable and included in our data. Thus, we may estimate the impact of mortalities in each group on the group level hospital expenditures. If we index groups by g, and let N g denote the number of observations in group g, we may express a regression equation where only observable variables are included, and where we may identify and estimate the unknown constants from 1): By summing over i on each side of 1) and dividing by N g , equation 1) can be written based on the group means from each year:
we may write 2) as
We note that the error terms in equation 3) are heteroscedastic, due to variation in the size of the groups, N g . One may argue that the mortality rate for each age group may be endogenous, and partly influenced by the health expenditures. However, one may argue that the potential simultaneity bias is likely to be small when analyzing Norwegian data, as Norway offers universal health insurance and full coverage for the whole population and the health care spending is high. The life expectancy at birth in Norway in 2011 was 79 years for males and 83.5 for females according to Statistics Norway. This is among the highest in the Organization for Economic Co-operation and Development (OECD), and one may argue that the marginal effect of hospital expenditures in terms of higher group level survival within the given year is likely to be very small for Norwegian patients. However, we test the assumption that mortalities represent an exogenous variable in equation 3) by means of a Wu-Hausman and a Durbin test: We use the mortality rate in year t-1, as an instrument for the mortality rate in year t. The mortality rate in year t-1 is likely to be correlated to the mortality rate in year t; however, it is clearly not a function of the health care expenditure in year t. We run two stage least squares (2SLS) and test the assumption that mortalities are exogenous. Based on the tests we cannot reject the null hypothesis that mortalities are exogenous (both tests with a p-value=0.9). The tests were performed on 3) with instruments; the 2SLS regression may be found in the appendix (Table A. 
1).
For the rest of the analysis, we will assume that we may treat mortalities as exogenous. Furthermore, we apply a Wooldridge test for serial correlation in panel data models, and the null hypothesis of no serial correlation is rejected in favor of a regression model with a first order autoregressive process (AR1) in the error terms (p=0.00). The test was performed on 3). The test results indicate that appropriate modeling and estimation should take both serial correlation and heteroscedasticity into account. We estimated 3) taking into account the AR1 process in the error terms, and the results from estimation is presented in Table 3 . The resulting standard errors of the estimates were slightly larger compared to the results from a model estimated by means of weighted least squares (WLS) under the assumption of no serial correlation. The results for WLS regression assuming no serial correlation may be found in the appendix (Table A. 2).
In Table 3a we observe that all the estimated coefficients for both age and mortalities are significant. The estimated coefficients are also statistically significant when excluding mortalities (Table 3b) , a model referred to as the naïve approach in Häkkinen et al. (2008) .
Based on the regressions presented in Table 3a , we may now describe how mortality related hospital expenditures (MRE), defined as the estimated marginal effect of mortalities on hospital expenditures, depend on age. In Figure 2 , we present the relationship between age and MRE. We observe that MRE is highest for the age groups below 60 and declines sharply for the older age groups. We also observe that female decedents have a larger MRE than males until the age of 75, while after the age of 75 male decedents have the largest MRE. This is in accordance with the findings in Melberg et al. (2013) . Furthermore, Figure 3 presents estimated increase in per capita health care expenditures by age excluding the effect of mortalities, based on the regression results presented in Table 3a . The figure shows that the health care expenditures for newborns and elderly are high compared to the rest of the population. Furthermore, the expenditures for females are higher than for males for the ages 15 and 54. Above the age of 54 the expenditures for males are higher for males than for females.
In Tables 4a and 4b we present the estimated hospital expenditures for survivors and decedents separately for males and females. The table is based on the regression results presented in Table 3a combined with demographic information from Statistics Norway. As expected, the decedents have a higher per capita expenditure than survivors for all age groups. The number of decedents is small compared to the number of survivors, and the total expenditures are therefore higher for survivors than decedents. This holds for all age groups. In Tables 4a and b we see that even though the estimated MRE is falling with age, the total share of the hospital expenditures used by decedents increases with age. This is caused by the higher number of decedents in higher age groups. We also see that 10% of the total hospital expenditures for males are used by male decedents, whereas the corresponding figure for females is 8%. In total, for both genders, hospital expenditures among decedents comprise 9.0% of total hospital expenditures. In the international literature (Scitovsky, 1984; Polder et al., 2006; Hogan et al., 2001; Nord et al., 1989; Emanuel, 1996) the health care expenditures associated with the last year of life are estimated to be somewhere in between 10% and 30% of the total health care expenditures. The different studies include different components of total health expenditures, and/or selected segments of the population; hence, the results from different studies are not directly comparable.
Constant
In Tables 4a and b the demographic composition are the average over the period of observations (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). In the following sections, we will change this composition in order to observe how this may change the expenditure patterns. First, we hold the demographic composition equal to the one observed in 1998 and then 2009. Based on the composition in 1998, the share of total health care expenditures used by decedents is equal 9.8%. Based on the demographic composition in 2009, the corresponding number is 8.1% (see Table 5 ). The reason for the decline is two-fold. First, increased length of life increases the number of mortalities in higher ages with lower mortality related expenditures. Second, the share of decedents decreases in the time period. In order to further investigate the influence of changes in demographic composition on health care expenditures we hold the number of inhabitants equal to that in 2009, but hold the mortality rates equal to 1998. By this approach the share used by decedents increase to 10.0 % in 2009 (see Table 5 ). The reason for the increase is increased mortality rates for almost all age groups apart from the 90+ age group. Hence, an increased length of life reduces the mortality related hospital expenditures. Furthermore, the increased length of life leads to a reduction in the total expenditures with 2% (0.6 billion NOK) (see Table 5 ).
In summary, our results supports the claim that mortalities are, ceteris paribus, associated with higher hospital expenditures. We show that when life expectancy increases the naïve models will produce biased projections of future hospital expenditures. The results also show that even though the decedents incur high expenditures on hospital services, the decedent's expenditures comprise a relatively small share of the total hospital expenditures (9 %). 
Policy implications and conclusion
In our analysis we find that 9% of all hospital expenditures from 1998 to 2009 were spent on individuals in their last calendar year of life. Our analysis also suggests that mortality related expenditures are a decreasing function of age. Our analysis supports the inclusion of both mortalities and age in predictions of future hospital expenditures. We provide an estimate of how increasing longevity over a twelve year period has influenced total hospital expenditures in Norway, and find that it had an impact of 2 percentage points in the period 1998-2009. Thus we conclude that the naïve approach is insufficient to predict future health care expenditures.
The Red Herring Hypothesis as it was formulated by Zweifel et al. (1999) states that; 1) time to death do influence health care expenditures, 2) age do not influence health care expenditures. We use the mortality rate in the last calendar year of life, and not time to death. Hence, our assumptions and empirical specification is not tailored to test the Red Herring Hypothesis. Given the assumption that our regression equation is correctly specified, we clearly reject the hypothesis that hospital expenditures is unaffected by age.
The main implication of our results is that increasing longevity may bring about reductions in mortality related expenditures as death is postponed until higher ages, and these reductions in mortality related health expenditures should be taken into account when predicting future health expenditures. Furthermore, as mortality related expenditures are dependent on age, our study suggest that only including time to death without the interaction with age, will give misleading results when predicting future health care expenditures.
Finally, it is important to emphasize that several other factors such as technological progress and general growth in gross domestic product influence the health care spending, and not demographic factors alone (Häkkinen et al., 2008) .
